Objective: To determine the occurrence of new disease in the pancreatic remnant after resection for intraductal papillary mucinous neoplasms.
B
ECAUSE AN INTRADUCTAL papillary mucinous neoplasm (IPMN) of the pancreas is more common in clinical practice today, there is much interest in its natural history, yet most articles on the subject indicate that the natural history is unknown. 1 However, as our experience increases, the management of an IPMN has become more standardized. One question that could be answered using the natural history of an IPMN is the occurrence rate of new lesions. After resection of an IPMN, will another IPMN occur in the pancreatic remnant? Will the new IPMN in the remnant be benign or malignant depending on the original lesion? Knowing an expected biologic time schedule for the development of new lesions would be useful in determining the timing of follow-up imaging studies. 1 If this information suggested continued risk for new lesions, it would support the concept that the tendency for an IPMN is not focal in the pancreas, where the primary tumor arose, but is more diffuse in the pancreatic parenchyma (ie, a "field defect"). A longitudinal cohort study following the pancreatic remnant in patients after resection for an IPMN could help answer these questions. Is the process slow or fast and/or focal or diffuse?
Previously, we reviewed the literature for the period from 1993 to 2006 and found 2547 resected cases from 28 case series. Only 7 of these studies [2] [3] [4] [5] [6] [7] [8] provided some information about the pancreatic remnant. These 7 studies report 486 resected cases with a median follow-up of 26 to 53 months. Half of these cases (n=245) were determined to be a benign IPMN, and these benign cases showed a See Invited Critique at end of article new lesion rate of 2% (5 cases), with only 1 case having a malignant tumor (carcinoma in situ). From this sparse data, the appearance of a new IPMN in the remnant after a resection for benign disease would be considered uncommon. However, the follow-up was not standardized in these reported cases from multiple centers and may be underestimating the new occurrence rate of the disease. In addition to the occurrence rate in the pancreatic remnant, surgeons are faced with the question of how much of the pancreas to resect, weighing the risk of recurrence at the margin against the morbidity of additional resection. One previous study 9 suggested that recurrence in the remnant was more likely to be increased in patients with an IPMN at the surgical pancreatic cut margin, but most studies [5] [6] [7] [8] [10] [11] [12] [13] do not show this relationship between a surgical pancreatic cut margin positive for an IPMN and the recurrence in the remnant at the surgical margin or the occurrence of new lesions in the remnant.
To examine both the rate of occurrence of IPMNs in the pancreatic remnant and the relationship between new lesions and disease at the surgical cut margin, we conducted a prospective cohort study, with the cohort being those with a pancreatic remnant after resection for an IPMN. These patients were from a single institution that was conducting a lifelong annual follow-up to answer these questions.
METHODS

DEFINITIONS
A cohort is a segment of the population that had undergone a partial pancreatic resection for an IPMN. In our study, the primary cohort was a "resection cohort" of patients whose life histories were being studied to determine the occurrence of new disease in the pancreatic remnant after resection for an IPMN. A pancreatic remnant is the portion of the pancreas that is left in place at the time of a surgical resection.
In the case of multiple lesions at the time of a surgical resection for an IPMN, a residual lesion is a lesion that may have been purposely left in the remnant of the pancreas if it did not meet criteria for resection based on international guidelines. A surgical margin or pancreatic cut margin is positive for an IPMN if the permanent sections of the surgical margin of the resected pancreas showed the presence of any form of an IPMN (ie, adenoma, borderline neoplasm, in situ carcinoma, or invasive carcinoma).
A new lesion is a lesion that is consistent with an IPMN and that was discovered in the pancreatic remnant during followup. Prior to resection, the new lesion had not been seen on any imaging study and, when first observed, was felt to be consistent with an IPMN. A local recurrence is any lesion discovered in the bed of the resected pancreas.
STUDY DESIGN
The present study is a single-institution cohort study. The primary cohort comprised 219 patients who underwent curative pancreatectomy for an IPMN by a single surgeon between 1989 and 2010 at the Virginia Mason Medical Center in Seattle, Washington. Sixteen of these patients were excluded because they did not have a pancreatic remnant (ie, they underwent a total pancreatectomy). The remaining 203 patients were entered into our study. We prospectively performed annual lifelong follow-ups for all patients. After hospital discharge, the patients underwent computed tomographic (CT) scans of their pancreases at the time of their annual follow-up visits. At that time, the senior author (L.W.T.) interviewed each patient for the presence of symptoms that might be attributable to the pancreatic remnant (ie, upper abdominal pain or documented pancreatitis).
PATHOLOGICAL CLASSIFICATION
All cases of IPMN were histologically confirmed by a collaborative group of 10 staff pathologists. An IPMN was distinguished from a mucinous cystic neoplasm by the former having connection to the pancreatic ductal system (based mainly on endoscopic retrograde cholangiopancreatography) and a lack of ovarian-type stroma.
14 These IPMN lesions were also distinguished from pancreatic intraepithelial neoplasia by their being greater than 1 cm in size either grossly or radiographically. 15 We used the 4 categories of the World Health Organization classification for IPMN: adenoma, borderline neoplasm, carcinoma in situ, and invasive carcinoma. 16, 17 The pathological diagnosis was based on the most severe epithelial dysplasia within the tumor as determined by the staff pathologist. The surgical cut margin status was examined by both an intraoperative frozen section and the final permanent sections of the cut margin. In the present study, the cut margin status was based on the permanent sections.
RESIDUAL AND NEW LESIONS
The radiographic sizes of the residual pancreatic lesions that were left in pancreatic remnants were recorded to determine whether they might now meet criteria for resection. Was the judgment to save this portion of the pancreas (based on international criteria) adequate to avoid subsequent resection due to progression of disease? The occurrence of a new pancreatic lesion in the pancreatic remnant was determined radiographically and confirmed either pathologically or clinically. The primary end point was the date of the last follow-up computed tomography or, if required, the date of a secondary pancreatic resection for pancreatic remnant lesions.
To look for risk factors for the development of new lesions, we recorded the rate of occurrence of any new pancreatic remnant lesion during annual follow-up. Then we compared the group with new lesions with the group without new lesions using sex, age, operative procedure at first resection, duct location, histology, and surgical pancreatic cut margin status at the site of the original operation. Next we examined the outcomes of patients with residual lesions to determine whether our judgment to preserve this parenchyma had been correct, and then we examined the outcomes of those with new pancreatic remnant lesions. Finally, we investigated the outcomes of those who required an additional pancreatic resection.
INDICATION FOR SURGICAL RESECTION FOR ORIGINAL OR NEW LESIONS
More specifically, there were 3 indications for resection based on international guidelines: the lesion was felt to be causing symptoms, regardless of location in the ductal system; the lesion was thought to involve the main pancreatic duct (MPD), even if asymptomatic; and the presence of an intraductal papillary mucinous neoplastic side-branch duct (SBD) lesion with "malignant risk," where an asymptomatic SBD-type lesion was associated with at least 1 predictive criterion of malignancy. 18 The latter criteria included the presence of a SBD cyst more than ARCH SURG/ VOL 147 (NO. 6), JUNE 2012 WWW.ARCHSURG.COM 529 30 mm in size, the presence of any mural nodule in a SBD cyst determined by imaging, or the presence of malignancy determined by cytology.
STATISTICAL ANALYSIS
Continuous data are presented as mean (SD) values. The MannWhitney U test was used for all comparisons among continuous variables. Categorical variables were compared by using the 2 test or the Fisher exact test when appropriate. A P value of less than .05 was accepted as statistically significant.
RESULTS
PATIENT POPULATION
Between 1989 and 2010, a total of 203 patients underwent a curative partial pancreatic resection for an IPMN; because our study focused on the pancreatic remnant, we excluded 16 of 219 patients with a total pancreatectomy (Figure 1 ). The median age was 66 years (range, 32-90 years). Of the 203 patients who underwent a curative partial pancreatic resection for an IPMN, 93 (46%) were women, and 110 (54%) were men.
The tumors were located in the head of the pancreas (74% of patients) and in the tail (26% of patients). A pancreaticoduodenectomy was performed for 146 patients (72%), of whom 142 underwent a pylorus-preserving pancreaticoduodenectomy, whereas 4 patients underwent a classic pancreaticoduodenectomy with antrectomy. Fortynine patients (24%) underwent a distal pancreatectomy, and 8 patients (4%) a central pancreatectomy. 39%] ). After the original resection, 187 of 203 patients (92%) had specimens that were negative for an IPMN in the final histologic surgical cut margin of the pancreas, whereas 16 of 203 patients (8%) had margins that contained some lesion: adenoma (11 patients), borderline neoplasm (2 patients), carcinoma in situ (1 patient), and an unknown lesion (2 patients).
RESIDUAL AND NEW LESIONS OF THE PANCREATIC REMNANT
At the original pancreatic resection, 14 of 203 patients (7%) had residual lesions in the pancreatic remnant that did not meet criteria for resection. These lesions were left in place to preserve the pancreatic parenchyma. The remaining 189 patients (93%) had no residual lesions in their pancreatic remnant after the first resection ( Figure 1) .
After a median follow-up of 40 months (range, 3-127 months), new lesions developed in the pancreatic remnant in 17 (8%) of 203 patients ( Figure 1) . Therefore, 31 patients (15%) had lesions in their pancreatic remnant at the end of the follow-up period. The mean number of cysts in the pancreatic remnant was 1.5 (range, 1-7), and the mean maximum diameter of the cysts was 10.3 mm (range, 3-32 mm).
At the end of the follow-up period, 14 patients (7%) had developed distant metastases, and 6 patients (3%) had a local recurrence located in the pancreatic bed. These 20 patients were included in the "no-new-lesion" group because they did not have a new lesion in the pancreatic remnant ( Figure 1 ). Table 1 shows a comparison of 203 patients requiring a partial pancreatic resection for an IPMN based on the appearance of new lesions in the pancreatic remnant (yes or no) during a median follow-up of 40 months. There were no significant differences between the no-newlesion group and the new-lesion group with regard to sex, age, operative procedure, duct location, original histology, and surgical pancreatic cut margin status at the site of the original operation. Note that only 1 of 43 patients with an original histology of invasive IPMN developed a new lesion in their pancreatic remnant. Figure 2 shows the outcome after the follow-up period of the 31 patients with lesions in their pancreatic remnant that were either lesions left in the remnant at the time of resection (14 residual lesions) or were identified by new imaging observations (17 new lesions). All 14 residual lesions were considered SBD-type IPMNs that were less than 3 cm in diameter. During the follow-up pe- riod, none of these 14 patients had residual lesions that changed in size, and none of these 14 patients developed any symptoms. Figure 2 also illustrates the number of patients with new lesions that had been observed in the pancreatic remnant (17 patients [8%]). Of these 17 patients with pancreatic remnant lesions, 15 had cystic lesions. A total of 12 patients had SBD lesions that did not change in size and were observed for a median of 50 months (range, 13-112 months). Secondary operations were felt necessary for 5 patients with new lesions because all of these new lesions were in the MPD; 2 were associated with suspicious solid lesions. Table 2 and Table 3 show the details of secondary operations that 5 patients underwent for lesions in the pancreatic remnant. Note that, between 15 and 127 months from the first resection, all 5 patients with new lesions required resection that involved the MPD. Those patients who had a lesion with an original histology that was malignant (carcinoma in situ or invasive carcinoma) developed new malignant lesions. Those patients with benign disease originally (adenoma or borderline neoplasm) developed benign lesions.
COMPARISON BETWEEN PATIENTS WITH AND PATIENTS WITHOUT NEW LESIONS IN THE PANCREATIC REMNANT
OUTCOME OF LESIONS IN THE PANCREATIC REMNANT
DETAILS OF SECONDARY OPERATIONS THAT 5 PATIENTS UNDERWENT FOR LESIONS IN THE PANCREATIC REMNANT
A 70-year-old man originally underwent a pyloruspreserving pancreaticoduodenectomy for an invasive IPMN with a surgical cut margin that was negative for IPMN. He developed a solid mass in the remnant (pancreatic tail) 127 months later and underwent completion pancreatectomy for an invasive carcinoma. He died 16 months later of disease.
A 56-year-old woman who underwent a distal pancreatectomy for carcinoma in situ with a surgical cut margin negative for IPMN developed abdominal pain 39 months later, and a CT scan revealed a solid mass in the head of the pancreas. She underwent an operation with a curative intent; however, liver metastases were detected intraoperatively. Liver and lymph node biopsies revealed invasive adenocarcinoma. She was alive at 8 months postoperatively and undergoing chemotherapy.
A 74-year-old woman underwent a distal pancreatectomy for carcinoma in situ with a surgical cut margin negative for IPMN and developed abdominal pain 40 months .93
Positive for adenoma 10 ( Figure 2 . Flowchart of 31 of 203 patients (15%) with lesions found in the pancreatic remnants who underwent a partial pancreatic resection. Fourteen of the 31 patients had residual lesions intentionally left in their remnants during their first pancreatic resections. All 14 patients had residual lesions that were considered side-branch duct (SBD)-type intraductal papillary mucinous neoplasms that were less than 3 cm in diameter. None of these residual lesions changed in size during the median follow-up period of 40 months. New lesions were observed in the pancreatic remnants of 17 patients (8%). Of these 17 patients, 15 had cystic lesions, and 2 had solid lesions. Two of these patients had lesions that were located in the main pancreatic duct (MPD), 1 patient had lesions that were located in the MPD and SBD (mixed lesions), and 12 patients had lesions that were located in the SBD. We observed all 12 patients with SBD lesions for a median of 50 months (range, 13-112 months), and all of these lesions remained the same size. Secondary operations were felt necessary in 5 cases (with 4 cases having lesions that were resected); the criteria were MPD location (3 patients) and suspicious solid lesion (2 patients). The pathological findings for the MPD lesions were carcinoma in situ (CIS; 1 patient) and adenoma (2 patients), and both solid lesions were invasive adenocarcinomas arising in the MPD.
ARCH SURG/ VOL 147 (NO. 6), JUNE 2012 WWW.ARCHSURG.COM 531 later. A CT scan revealed pancreatic ductal dilatation without solid mass. She underwent completion pancreatectomy for carcinoma in situ located in the pancreatic head. She is doing well without evidence of disease 100 months later.
A 73-year-old man underwent a pylorus-preserving pancreaticoduodenectomy for an intraductal papillary mucinous neoplastic adenoma in the MPD with a surgical cut margin negative for IPMN. He developed abdominal pain 105 months later, and a CT scan revealed main pancreatic ductal dilatation without solid mass. He underwent completion pancreatectomy for an intraductal papillary mucinous neoplastic adenoma located in MPD. He is doing well without evidence of recurrent disease 20 months later.
A 64-year-old woman underwent a pylorus-preserving pancreaticoduodenectomy for an adenoma located in the MPD with a surgical cut margin positive for an intraductal papillary mucinous neoplastic adenoma. She developed abdominal pain 15 months later, and a CT scan revealed dilatation of the MPD and the SBD without solid mass. She underwent excision of the body of the pancreas for the adenoma located in the MPD. She is doing well without evidence of recurrent disease 68 months later.
COMMENT
Our study focuses on the fate of the pancreatic remnant after pancreatic resection for an IPMN. Planned lifelong follow-up was completed annually with CT imaging in a cohort of patients who had undergone pancreatic resection for an IPMN. The international criteria for when to resect cystic lesions allowed us to successfully utilize parenchymal preservation to avoid diabetes. For instance, when multiple intraductal papillary mucinous neoplastic lesions were found in the pancreas, only those lesions that met the criteria were resected. For instance, 14 cases had lesions that did not meet international criteria, and these lesions were left in place to allow parenchymal preservation. None of these lesions progressed to require an operation after a median follow-up period of 40 months.
Also during this period, just 17 of 203 patients (8%) developed a new lesion in the remnant. Five of these 17 new cases met the criteria for an additional resection. All the resected new lesions involved the MPD: 3 patients had malignant lesions originally and developed new lesions that were malignant, whereas 2 patients had benign lesions originally and developed new lesions that were benign. Surprisingly, the occurrence of a new lesion in the pancreatic remnant was not associated with the original duct location (the MPD or the SBD), the original histology (benign or malignant), or the status of the surgical pancreatic cut margin at the site of the original operation. Note that there were no margins positive for invasive cancer, but we had an 8% positive margin rate (all benign or carcinoma in situ). This finding suggested that new lesions were uncommon and, when they occurred, were part of a diffuse field defect that involved the entire pancreas. Progression of a field defect in the pancreatic remnant was therefore slow and uncommon, regardless of the original histology, at least within the limits of our 40-month follow-up period. The literature on new pancreatic lesions developing in the remnant after resection seems to support these findings. Table 4 reviews 9 studies 5-12 for a total of 1131 cases with follow-up of the pancreatic remnant following resection for an IPMN. Surgical margins were positive for some form of an IPMN in 18% of cases (range, 7%-29% of cases), with a mean or median follow-up ranging from 24 to 62 months. Only 2 studies (the study by Schnelldorfer et al 11 and our own) specifically stated the occurrence rate of new lesions in the pancreatic remnant by use of imaging: Schnelldorfer et al 11 found an occurrence rate of 3%, and we found an occurrence rate of 8%. All studies in Table 4 described a resection rate for new lesions (mean rate, 4% [range, 0%-9%]). Except for the one study by Kim et al, 12 all the remaining studies [5] [6] [7] [8] [9] [10] [11] (including our own) did not find a correlation between surgical cut margin involvement and development of new lesions in the remnant. These findings support the concept that new lesions can develop in the pancreatic remnant at the same low rate in those with or without surgical margins positive for IPMN (provided it is not invasive cancer). The process is slow, and the chance of a new malignant tumor in the remnant is low after resection. Our current policy is to focus on parenchymal preservation for cases with either a benign or malignant IPMN if the surgical cut margin does not contain a malignant tumor (a carcinoma in situ or an invasive IPMN); other lesions remote from the primary IPMN are not resected if they do not meet the international criteria for resection.
Our goal has been to maintain a surgical margin at the line of pancreatic resection that is negative for IPMN. We performed additional resections on 26 patients (13%) based on the frozen section to avoid a cut surgical margin positive for any dysplasia. However, most pathologists experience difficulty analyzing frozen sections for dysplasia. Recall that our study uses the permanent sections for analysis, but with frozen sections, we seek to avoid the permanent section having a carcinoma in situ or an invasive IPMN. In an effort to promote parenchymal preservation, we used total pancreatectomy on just 16 patients and only when the entire MPD was thought to be involved.
In summary, we found that, after a partial pancreatic resection for an IPMN and a 40-month follow-up with annual imaging, 8% of patients developed a new intraductal papillary mucinous neoplastic lesion in the pancreatic remnant and 2% required a second resection. The new lesions that developed were more commonly benign, but when patients with either an original benign or malignant lesion later developed a new lesion, it was the same as that of the original pathology (Table 1) . Tables 2 and 3 support this finding by showing that, if those patients with an original malignant pathology required an operation, it was for a new malignant lesion, and if those patients with an original benign pathology required an operation, it was for a benign lesion.
Caution should be used while interpreting these results. Even though more than 200 resected cases were annually followed for almost 4 years by the same team, there were just 17 cases with new lesions in the pancreatic remnant to analyze for predictive factors. In this small number of cases, the surgical margin status did not seem to matter when compared with the larger group with no lesions. We suspect that, as our follow-up time increases, new lesions will constantly appear regardless of whether the surgical margin at initial resection is negative for new disease. The annual follow-up of our study was performed to be inclusive and standardized. We cannot recommend annual follow-up CT scanning for everyone (as we did in our study). However, with 62% of these cases having benign lesions and with a median follow-up period of 40 months, we observed the occurrence rate to be 4 times that described in the combined literature (up from 2% to 8%). If a 10-year follow-up could be performed, the rate of new lesions in the remnant should be higher. Therefore, the decision to scan again may be based on the knowledge that 8% of patients will have new lesions in 4 years and that one might assume that 1 in 5 patients may have new lesions in 10 years.
How often should we scan if the chance of a new lesion is around 20% at 10 years? Recall that new lesions tend to be benign and of the same proportions as the original lesions (Table 1) . Also, the need for an operation for a new lesion was due to a histology similar to that of the original lesion: a new malignant lesion had an original histology that was malignant, whereas a new benign lesion had an original histology that was benign. New lesions appear to retain a similar biology, as reflected his- 
